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PASSIVE TRACK TENSIONING SYSTEM turntable 25 , a revolving frame 30 , a boom 35 , a lower end 
40 of the boom 35 ( also called a boom foot ) , an upper end 

CROSS - REFERENCE TO RELATED 45 of the boom 35 ( also called a boom point ) , tension cables 
APPLICATIONS 50 , a gantry tension member 55 , a gantry compression 

5 member 60 , a sheave 65 rotatably mounted on the upper end This application claims priority to U.S. Provisional Patent 45 of the boom 35 , a dipper 70 , a dipper door 75 pivotally Application No. 62 / 540,191 , filed on Aug. 2 , 2017 , the entire coupled to the dipper 70 , a hoist rope 80 , a winch drum ( not contents of which are hereby incorporated by reference in 
their entirety . shown ) , a dipper handle 85 , a saddle block 90 , a shipper 

shaft 95 , and a transmission unit ( also called a crowd drive , 
10 not shown ) . The rotational structure 25 allows rotation of the BACKGROUND upper frame 30 relative to the lower base 15. The turntable 

25 defines a rotational axis 100 of the shovel 10. The The present invention relates to crawler tracks and to systems for tensioning crawler tracks . Crawler tracks often rotational axis 100 is perpendicular to a plane 105 defined by 
become loose and sag over the course of their lifetime . the base 15 and generally corresponds to a grade of the 
Tensioning systems help to reduce the looseness and sag- 15 ground or support surface . 
ging . The mobile base 15 is supported by the crawler drive 

tracks 20. The mobile base 15 supports the turntable 25 and 
SUMMARY the revolving frame 30. The turntable 25 is capable of 

360 - degrees of rotation relative to the mobile base 15. The 
In accordance with one construction , a tensioning system 20 boom 35 is pivotally connected at the lower end 40 to the 

includes an idler wheel , a yoke coupled to the idler wheel , revolving frame 30. The boom 35 is held in an upwardly and 
a set of crawler drive tracks that extend around at least a outwardly extending relation to the revolving frame 30 by 
portion of the idler wheel , a mobile base supported by the the tension cables 50 , which are anchored to the gantry crawler driver tracks that includes a frame , a pre - load tension member 55 and the gantry compression member 60 . actuating element coupled to the frame , and a multi - layered 25 The gantry compression member 60 is mounted on the spring element that is pre - loaded by the pre - load actuating revolving frame 30 . element and presses against the yoke to tension the crawler The dipper 70 is suspended from the boom 35 by the hoist drive tracks . 

In accordance with another construction , a tensioning rope 80. The hoist rope 80 is wrapped over the sheave 65 and 
system for a crawler track includes an idler wheel , a mobile attached to the dipper 70 at a bail 110. The hoist rope 80 is 
base that includes a frame , a pre - load actuating element 30 anchored to the winch drum ( not shown ) of the revolving 
coupled to the frame , and a spring element that is pre - loaded frame 30. The winch drum is driven by at least one electric 
by the pre - load actuating element . The spring element has a motor ( not shown ) that incorporates a transmission unit ( not 
first anchoring plate and a second anchoring plate . A stop shown ) . As the winch drum rotates , the hoist rope 80 is paid 
element is coupled to and extends from the first anchoring out to lower the dipper 70 or pulled in to raise the dipper 70 . 
plate of the spring element . 35 The dipper handle 85 is also coupled to the dipper 70. The 

In accordance with another construction , a method for dipper handle 85 is slidably supported in the saddle block 
tensioning a crawler track that is supported by frame of a 90 , and the saddle block 90 is pivotally mounted to the boom 
mining machine includes stretching and pre - loading the 35 at the shipper shaft 95. The dipper handle 85 includes a 
crawler track with a pre - load actuating element , placing one rack and tooth formation thereon that engages a drive pinion 
or more shims between a spring element and a wall of the 40 ( not shown ) mounted in the saddle block 90. The drive 
frame , and deactivating the pre - load actuating element . pinion is driven by an electric motor and transmission unit 

Other aspects of the invention will become apparent by ( not shown ) to extend or retract the dipper handle 85 relative consideration of the detailed description and accompanying to the saddle block 90 . drawings . An electrical power source ( not shown ) is mounted to the 
45 revolving frame 30 to provide power to a hoist electric motor BRIEF DESCRIPTION OF THE DRAWINGS ( not shown ) for driving the hoist drum , one or more crowd 

FIG . 1 is a side view of a power mining shovel . electric motors ( not shown ) for driving the crowd transmis 
FIG . 2 is a partial side view of a mobile base for the power sion unit , and one or more swing electric motors ( not shown ) 

mining shovel of FIG . 1 , illustrating a tensioning system for turning the turntable 25. Each of the crowd , hoist , and 
according to one construction . 50 swing motors is driven by its own motor controller , or is 
FIG . 3 is an enlarged view of the tensioning system of alternatively driven in response to control signals from a 

FIG . 2 . controller ( not shown ) . 
Before any embodiments of the invention are explained in FIG . 2 illustrates a mobile base 115 that may be used in 

detail , it is to be understood that the invention is not limited place of the mobile base 15 , or with other machines ( e.g. , 
in its application to the details of construction and the 55 with mining shovels including hybrid and rope type mining 
arrangement of components set forth in the following shovels , dozers , mining excavators , cranes , etc. ) . The mobile 
description or illustrated in the following drawings . The base 115 includes a frame 120 , an idler wheel 125 ( e.g. , 
invention is capable of other embodiments and of being gear ) , a drive gear 130 ( illustrated schematically ) , and a 
practiced or of being carried out in various ways . Also , it is drive 135 ( illustrated schematically ) coupled to the drive 
to be understood that the phraseology and terminology used 60 gear 130. Crawler drive tracks ( not illustrated ) extend along 
herein is for the purpose of description and should not be a bottom 140 of the frame 120 , around at least a portion of 
regarded as limited . the idler wheel 125 , along a top 145 of the frame , and around 

at least a portion of the drive gear 130. The drive 135 drives 
DETAILED DESCRIPTION OF THE DRAWINGS rotation of the drive gear 130 , which moves the crawler 

65 tracks around the mobile base 115 . 
FIG . 1 illustrates a power mining shovel 10. The shovel With reference to FIGS . 2 and 3 , the mobile base 115 

10 includes a mobile base 15 , crawler drive tracks 20 , a further includes a tensioning system 150 to adjust a position 
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of the idler wheel 125 and to maintain a desired tension in ( e.g. , molding ) . Other constructions include various other 
the crawler drive tracks . The tensioning system 150 includes numbers and arrangements of plates and layers of elastic 
a spring element 155 , a shim or shims 160 ( FIG . 2 ) , a materials , as well as various other manners by which the 
pre - load actuating element 165 , and a yoke 170. The yoke plates and layers of elastic materials are coupled together in 
170 is coupled ( e.g. , fixed ) to the idler wheel 125 . 5 the spring element 155 . 

With reference to FIG . 3 , in the illustrated construction , With reference to FIGS . 2 and 3 , the pre - load actuating 
the spring element 155 is an elastomeric spring unit having element 165 is coupled to the frame 120 of the mobile base 
a first anchoring plate 175 and a first end plate 180 coupled 115. In some constructions , the pre - load actuating element 
to the first anchoring plate 175. The spring element 155 also 165 includes at least one portion that is fixed ( e.g. , with 
includes a second anchoring plate 185 and a second end 10 fasteners ) to the frame 120. In the illustrated construction , 
plate 190 coupled to the second anchoring plate 185. The the pre - load actuating element 165 is a hydraulic cylinder 
spring element 155 also includes intermediate plates 195 having a ram portion ( not illustrated ) that moves toward the 
disposed between the first end plate 180 and the second end first anchoring plate 175 and presses against the first anchor 
plate 190 , and layers of elastomeric material 200 that are ing plate 175. Other constructions include different types of 
disposed ( i.e. , sandwiched ) between each of the intermediate 15 pre - load actuating elements 165 ( e.g. , pneumatic cylinders , 
plates 195 and the first and second end plates 180 , 190. In electric linear actuators , etc. ) . 
the illustrated construction , the spring element 155 includes With continued reference to FIGS . 2 and 3 , during opera 
ten layers of elastomeric material 200 and nine intermediate tion the pre - load actuating element 165 is initially used to 
plates 195. Other constructions include different numbers of stretch and pre - load the crawler track . To pre - load the 
layers of elastomeric material 200 and intermediate plates 20 crawler track , the ram portion contacts and presses against 
195 ( e.g. , more or less than ten layers of elastomeric material the first anchoring plate 175 , pushing the spring element to 
200 and more or less than nine intermediate plates 195 ) . the right as illustrated in FIG . 2. This movement forces the 
Additionally , while the layers of elastomeric material 200 , spring element 155 against the yoke 170 , which forces the 
the intermediate plates 195 , the first anchoring plate 175 , the idler wheel 125 to the right , thereby tensioning the crawler 
first end plate 180 , the second anchoring plate 185 , and the 25 track that is wrapped at least partially around the idler wheel 
second end plate 200 are illustrated generally in FIG . 3 as 125. As illustrated in FIGS . 2 and 3 , the yoke 170 may have 
having particular shapes and / or dimensions , other construc- a variety of shapes and sizes . For example , the yoke 170 may 
tions include various other shapes and dimensions than that have a tapered profile as illustrated in FIG . 2 , or a non 
illustrated ( e.g. , more rounded shapes , dimensions , etc. ) . tapered profile as illustrated in FIG . 3 ( e.g. , a square cross 
The dimensions and quantity of the layers of elastomeric 30 sectional beam , etc. ) . As illustrated in FIG . 3 , in some 
material 200 and intermediate plates 195 may be designed to constructions , the second anchoring plate 185 includes a 
optimize a spring rate ( stiffness ) and desired deflection for a protruding region 210 defining a recess 215 that receives an 
specific application . For example , the length and width and end of the yoke 170 , such that the yoke 170 fits via a 
thickness of each layer of elastomeric material 200 and releasable frictional engagement against the second anchor 
intermediate plate 195 may be selected , as well as the 35 ing plate 185. Other constructions include different manners 
number of layers of elastomeric material 200 and interme- of coupling the second anchoring plate 185 to the yoke 170 . 
diate plates 195 , to achieve a specific spring rate . With reference to FIG . 2 , once the crawler track has been 

With continued reference to FIG . 3 , the layers of elastic pre - loaded via the pre - load actuating element 165 , one or 
material 200 are each formed at least partially from an more shims 160 are then placed ( e.g. , manually ) between the 
elastomeric material ( e.g. , a thermoplastic , thermoplastic 40 spring element 155 and a wall 220 of the frame 120 to 
elastomer , urethane - based material such as polyurethane , maintain a desired tension that has been created in the 
and / or a rubber - based material ) . The intermediate plates crawler track . The pre - load actuating element 165 is then 
195 , the first anchoring plate 175 , the first end plate 180 , the deactivated ( e.g. , the ram portion is retracted ) . Over time , as 
second anchoring plate 185 and the second end plate 190 are the crawler track wears , additional shims 160 are added 
each formed at least partially of metal ( e.g. , steel ) . Other 45 ( e.g. , manually ) between the spring element 155 and the wall 
constructions include different materials or combinations of 220 , to maintain the desired tension . In some constructions , 
materials for the layers of elastic material 200 , the interme- to add additional shims 160 the pre - load actuating element 
diate plates 195 , the first anchoring plate 175 , the first end 165 is activated again , and assists in pressing against the 
plate 180 , the second anchoring plate 185 , and the second initial set of shims 160 and the spring element 155 to create 
end plate 190. In some constructions , the number , size , and 50 room for the insertion of the additional shims 160 . 
shape of the layers of elastic material 200 and the interme- With reference to FIG . 3 , the tensioning system 150 
diate plates 195 , as well as the materials they are each made further includes a stop element 225. The stop element 225 is 
of , are selected to optimize a spring rate ( stiffness ) of the coupled to and extends from the first anchoring plate 175 . 
spring element 155 . During operation , the stop element 225 prevents further 

With reference to FIG . 3 , in the illustrated construction , 55 compression of the spring element 155 along an axis 230. In 
the first anchoring plate 175 is coupled to the first end plate the illustrated construction , the stop element 225 extends 
180 via fasteners 205 , although in other constructions the perpendicularly from the first anchoring plate 175 along the 
first anchoring plate 175 and the first end plate 180 are axis 230. In some constructions , the stop element 225 is 
integrally formed together as a single piece or are coupled integrally formed as a single piece with the first anchoring 
with other structures . While not illustrated , in some con- 60 plate 175 . 
structions , the second end plate 190 is also coupled to the With reference to FIG . 3 , each of the intermediate plates 
second anchoring plate 185 via fasteners , is formed inte- 195 , the layers of elastic material 200 , the first end plate 180 , 
grally together as a single piece with the second anchoring and the second end plate 190 includes an aperture 235 that 
plate 185 , or is coupled to the second anchoring plate 185 is sized and shaped to receive at least a portion of the stop 
with other structures . The layers of elastic material 200 are 65 element 225. As illustrated in FIG . 3 , the stop element 225 
each coupled to one or more of the intermediate plates 195 extends through the apertures 235 and toward the second 
via adhesive , fasteners , or via other structures or methods anchoring plate 185. While the stop element 225 and aper 
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tures 235 are generally rounded in the illustrated embodi- modifications exist within the scope and spirit of one or 
ment and are located centrally , other embodiments include more independent aspects of the invention as described . 
different shapes , sizes , and / or locations for the stop element What is claimed is : 
225 and apertures 235. In some constructions , the stop 1. A tensioning system comprising : 
element 225 and / or apertures 235 are not provided . an idler wheel ; 

With reference to FIG . 3 , in some constructions , the a yoke coupled to the idler wheel ; 
tensioning system 150 additionally or alternatively includes a set of crawler drive tracks extending around at least a 
a switch 240 ( illustrated schematically ) that indicates if the portion of the idler wheel ; 
spring element 155 has been compressed to a particular a mobile base supported by the crawler drive tracks , the 
length along the axis 230 or is approaching reaching a 10 mobile base including a frame ; 
particular length along the axis 230. The switch 240 is a limit a pre - load actuating element coupled to the frame ; 
switch or other electronic , magnetic , or Hall - effect device . In a multi - layered spring element configured to be pre 
the illustrated construction , the switch 240 is a limit switch loaded by the pre - load actuating element and config 
coupled to an end of the stop element 225 and to a controller ured to press against the yoke to tension the crawler 
245. As the spring element 155 compresses , the second 15 drive tracks ; and 
anchoring plate 185 eventually reaches and contacts the a shim configured to be placed between the spring ele 
switch 240 ( or is detected by the switch 240 ) , thereby ment and a wall of the frame to maintain a desired 
activating the switch 240 and sending a signal to the tension of the crawler drive track . 
controller 245. In other constructions , the switch 240 is 2. The tensioning system of claim 1 , wherein the spring 
coupled elsewhere on the mobile base 115 ( e.g. , to the frame 20 element includes layers of metal plates and elastic material , 
120 ) . In some constructions , the controller 245 is coupled to the elastic material being at least partially made of an 
the drive 135 , and if the switch 240 is activated , the torque elastomeric material . 
applied by the drive 135 is reduced , and / or a warning ( e.g. , 3. The tensioning system of claim 1 , wherein the spring 
visual or audio ) is issued , so as to reduce a load applied on element includes a first anchoring plate , a second anchoring 
the spring element 155 . 25 plate , a first end plate , and a second end plate . 

In some constructions , the tensioning system 150 addi- 4. The tensioning system of claim 3 , wherein the pre - load 
tionally or alternatively includes a sensor or other device actuating element includes a ram portion that is configured 
that measures a linear position of the yoke 170 in relation to to move toward the first anchoring plate and press against 
a portion of the frame 120 ( or other fixed structure ) to the first anchoring plate . 
determine a distance by which the spring element 155 has 30 5. The tensioning system of claim 3 , wherein the first 
been compressed in real time , and to thereby determine anchoring plate is coupled to the first end plate and the 
whether the torque should be reduced and / or a warning second anchoring plate is coupled to the second end plate . 
should be issued . 6. The tensioning system of claim 1 , wherein the spring 

With reference to FIG . 3 , in some constructions the first element includes layers of metal plates and elastic material , 
anchoring plate 175 may include at least one lip or other 35 the elastic material being at least partially made of an 
guide structure that extends over a portion of the frame 120 elastomeric material , wherein the spring element further 
to guide the spring element 155 and force the spring element includes a first anchoring plate , a second anchoring plate , a 
155 to move linearly . The second anchoring plate 185 may first end plate , and a second end plate , and wherein the layers 
also include at least one lip or guide structure that extends of metal plates and elastic material are disposed between the 
over a portion of the frame 120 to further guide the spring 40 first end plate and the second end plate . 
element 155 and force the spring element 155 to move 7. The tensioning system of claim 6 , further comprising a 
linearly . stop element that extends through at least one of the metal 

In some constructions , the tensioning systems 150 , 350 plates and at least one of the layers of elastomeric material . 
described herein help to reduce noise and interference at 8. The tensioning system of claim 7 , wherein a switch is 
engagement points between a track shoe of the crawler track 45 coupled to the stop element , the switch configured to detect 
and a tumbler , idler wheel 125 , and / or other component . The compression of the spring element . 
tensioning systems 150 may generate reduced friction in 9. A tensioning system for a crawler track comprising : 
engagement points and pin joints , especially when changing a mobile base including a frame ; 
direction ( e.g. , forward to reverse ) . The tensioning systems a pre - load actuating element coupled to the frame ; 
150 may also facilitate decreased pin / lug loading of crawler 50 a spring element configured to be pre - loaded by the 
shoes , and may facilitate less bunching up of track shoes on pre - load actuating element , the spring element having 
a bottom of the mobile base 115 or other component . The a first anchoring plate and a second anchoring plate ; 
tensioning systems 150 may also reduce track sagging on a a sensor configured to detect at least one position of the 
top of the mobile base 115 or other component . spring element ; and 

The tensioning systems 150 may provide a low - cost 55 a stop element coupled to and extending away from the 
method of passive tensioning , wherein a shim adjustment first anchoring plate , wherein the sensor is a limit 
procedure may be used . The tensioning systems 150 , 350 switch coupled to the stop element , and wherein the 
may also facilitate prolonged intervals between shim adjust- tensioning system further includes a controller coupled 
ments . to the sensor . 

While the tensioning systems 150 are described above in 60 10. The tensioning system of claim 9 , wherein the spring 
the context of being used with a power mining shovel with element includes a first end plate , a second end plate , and 
crawler tracks , the tensioning systems 150 , 350 may be used layers of intermediate plates and elastic material disposed 
in conjunction with other structures including excavators between the first and second end plates . 
( e.g. , hydraulic ) , hybrid excavators , dozers , and / or smaller 11. The tensioning system of claim 10 , wherein each of 
equipment . 65 the intermediate plates , the layers of elastic material , the first 

Although the invention has been described in detail with end plate , and the second end plate includes an aperture 
reference to certain preferred embodiments , variations and configured to receive the stop element . 
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12. The tensioning system of claim 9 , wherein the sensor 

is configured to detect a distance by which the spring 
element has been compressed . 

13. The tensioning system of claim 9 , further comprising 
a yoke , wherein the sensor is configured to measure a linear 5 
position of the yoke in relation to the frame . 

14. A method of tensioning a crawler track that is sup 
ported by a frame of a mining machine , the method com 
prising : 

stretching and pre - loading the crawler track with a pre- 10 
load actuating element ; 

placing at least one shim between a spring element and a 
wall of the frame ; 

and deactivating the pre - load actuating element . 
15. The method of claim 14 , wherein pre - loading the 15 

crawler tracker includes pressing a ram portion of the 
actuating element against a first anchoring plate coupled to 
the spring element . 

16. The method of claim 15 , wherein pressing against the 
first anchoring plate includes forcing the spring element 20 
against a yoke coupled to an idler wheel . 

17. The method of claim 16 , wherein forcing the spring 
element against the yoke includes adjusting a position of the 
idler wheel . 

18. The method of claim 14 , further comprising activating 25 
a limit switch when a stop extending through the spring 
element contacts a second anchoring plate coupled to the 
spring element . 

19. The method of claim 18 , wherein activating the limit 
switch includes reducing a load applied on the spring 30 
element . 


